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SUMMAHI 



A seven-well test Was irun using (Saxboh ' fcteel ts & "burner 
casing material with fluidized sand bttrner3i' r * : iiiis test operated for 
Ik months with, two casing failures, &hd ssVerai btirheir' failures.' In 
spite of these failures, it * was condltided that carbon : steal niay be 
a satisfactory casing material) although it may "be advisable to use 
alloy steels in that portion of the casing which is liltely to beccme 
overheated. • 

OBJECTIVES OF THE BEST 



As has been reported : previously^ 1 most of the ^irlier LifiS 
process tests, undertaken by Svehslca Skifffcralje AB. &hcL Husky Oil Co. 
at Santa Cruz, were concerned: with burner development . "'the first 100- 
well test, L8, was plagued with burner failures and at this time the 
so-called sand burner was developed. This test was then continued as 
test L8A to test various materials for burner casings. 3he results 
showed that the casing requirement^ were intich less severe with sand 
burners. Therefore this seven-well test, called test L73> *&s started 
with sand burners to test the use of carbon steel as a burner casing 
material. This test, performed by Svenskaj Husky> Md Unioh Oil Go, . 
of Calif ornia, was started a few moiiths before the s£<*6nd lOO^weil 
test, 2 L9> and ran concurrently -with it; y 

DESCRIPTION OF TEST FACILITIES ' ' 



Seven wells were drilled to a depth of 52 f&§t &s shown pn 
Figure 1. The burner wells, Bl through B7* wfcre arranged in a hexa- 
gonal pattern with a well in the ceixter of the hexagon* ' The distance 
hetween wells was 6 feet. All of the burner ' wells > eicept Bl and B7> 
were ccmpleted in the same way as those in th6 Iq6-w611 tedti The 
casing and burner dimensions ar£ shown oh Figures 1 atid 2* • Vfelis Bl 
and B7 had 2-l/2 inch burner casings, &s in the qthe* wells, however 
the gas casing was a 1-1/2 inch pipe set alongside the burner .casing, 
instead of a 5-inch pipe set concentrically; In addition, these wells 
contained k$ feet of 1-inch pipe to serve as temperature wells. The 
annul! of wells B5 and B6 were filled tfith gravel while the other. five 
wells were left open. 

The burners were also the dame' as those used 'in the 100-well 
test and are shown on Figure 2. Hie s&id uSSd was 12 to lk mesh Monterey 
sand when the test was started, however this tfas later changed to 8 to 12 
mesh sand. 



In addition to the burner wells, five more temperature 
wells were drilled in the locations shown on Figure li These wells 
contained 52 feet of 2-inch pipe. ih£ temperature g were measured 
by thermometers , which were placed in temperature bombs made of 1- 
inch pipe, de heat capacity of the bombs was high enough that they 
could be pulled to the surface on a cable and read without any meas- 
urable change in temperature taking place; 

Eie propane -air mixture was supplied at 30 psig by the 
fuel system for the 100 -well test. During the period before the 
100 -well test was started, the propane and air were mixed and con- 
trolled manually. . . 

The production was disposed of by adding it to the pro- 
duction frcm the 100 -well test. Diere were ho metering facilities> 
however occasionally a production test was made by collecting the' re- 
produced fluids in a small condenser -sampler. These data are shown 
on Table 3. ' ' 



3EST OPERATION , 

This test was operated for lk months at heat inputs ranging 
frcm 23,500 to 30,000 BTU/burner-hour. Ohe test operation was influ- 
enced to a large extent by the 100 -well test inasmuch-, as the fuel gas 
was supplied by the 100 -well, test fuel supply. Die h^at input was 
usually regulated in the 100 -well test by changing the pressure in the 
fuel lines, and as a result the heat input in this test changed along 
.with the 100 -well test- Figure 3 shows the weekly average heat inputs 
during the test. Frcm the beginning of the test oh November 13 > 1957, 
until March 2**., 1958> the heat input remained constant at 30>000 
BTU/bumer-hour. From November 13 until December 30, the fuel was 
supplied by the fuel system for test L8A> which was in progress at 
that time; From December 30, 1957> until February Ik the heat input 
was controlled manually. Subsequently the fuel lines tfere connected 
to the 100 -well test fuel supply and therefore the variations in heat 
input during the remainder of the test resulted from the variations 
in the 100-well test. These variations are discussed in the report 
on the 100-well test. 2 . • r ■ 

Sand losses were usually higher than those in the 100-well 
test, dese losses are also shown on Figure 3. Bie losses appeared 
to be caused mainly by the lack of disengaging space for sand slugs 
to break up between the sand bed and the top of . the casing. In addi^ 
tion, this test was located at the lowest point of the fuel lines and 
there may have been a large amount of water entering the burners, in 
spite of the water traps in the lines.-. The rapid formation of steam 
frcm slugs of water caused momentarily high flow rates and subsequent 
losses of sand. 
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Itemperature data were taken in the temperature wells at 
least twice each week- These data are shown on Figures k through 

15. - ' • ■ ... < • . ; ■ - ,.' . 

Table 1 lists the time and reasons that tke burners were 
off. 3Bie test was shut down for a total of 226 hours because of 
power failures and interruptions in the fuel gas supply- In addi- . 
tion the burners were shut off and inspected on February 2 7* at 2550 
hours, and again on September 15, 1958, at 7351 botirs*- During these 
inspections usually several centralizers had to be replaced,, as well 
as weak welds and eroded fittings; -The remaining dawn-time, because 
of burner and casing failures, is discussed in the. following section 
of this report. 



RESULTS 



JDable 2 summarises all the failures of burners and casings. 
Four of the wells, EL, B2, 3&, and B?,. were still in operation at the 
end of the test. The failures of the three remaining casings are 
discussed below*. . .... .- : . ■>,. ' ", 

The casing in well B3 failed oh May 27, 1958, after ^685 
hours of operation- At the time this casing failed^.there was no 
apparent damage to the burner except that all of thej centralizers 
above the cone had been worn Off* (tiiree days earlier, high sand 
losses had caused the sand level to drop too low and the cone be- 
come overheated. The outer surface of the cone became coated with 
a glass -like layer of fused sand about i/l|-inch in thickness. When 
the casing later failed, it was felt that the casing had been weak- 
ened at this point by the high temperature. At the conclusion of 
the test, this casing was pulled and it was found that a small hole 
had been worn through the casing at a point 10 feet above the "bottcnu 
This was at the level of one of the burner centralizers and apparently 
the turbulence caused by this centralizer resulted in the sand cutting 
a hole in the casing. 

03ie easing in well B5 failed at hk92 hairs iafter the start 
of the test, on May 19, 1958. The burner did hot appear to be damaged 
at this time and there was no explanation for this failure . 

The supply tube on the burner in well B6 burned o£f 6 inches 
above the cone on February 26, 1958, after 25^0 . hottrs • Hie flame at 
this point was impinging directly on the casing and burned a hole in 
it. Oils was probably caused by a restriction in the fuel gas flow 
rate which allowed the flame to travel up into the supply tube. Dais 
in turn overheated the supply tube and caused its failure. 



At the conclusion of the t£st' an attempt was made to pull 
the casing in well Bl- The 'casifig was pulled in two at a depth of 
Zh feet , four feet above the location Of the cone; ' This burner had 
been overheated on November 26> 1958* 'when the fiame had moved up 
into the supply tube. The temperature in well EL at this point 
reached l40Q°F. Apparently the ca^irig became weakened at this time 
but it did not fail. A specimen - wad taken frcra the * lower end of the 
recovered portion of. the casing. The ahalysla of this speciirien3 
showed less than l/lO-inch"of parent metal with deposits of sulfide 
scale On the outside of the pipe and oxide oil the 1 inside ' TJhere was 
evidence of grain growth and solution of pearlitej -which ' appeared in 
the spheroidized state, which means that the. temperature was in the 
range of 1300°F. or higher. 

The wall thickness was niea^tii^d oh severed' casings, after 
grinding off all the scale. In ho case was the ttall thickness less 
than that listed in the specif icatioha fbr Schedule 1*0 r piper> which 
is 0.203 t 0.025 inches.' ■ ! - '•••"^ ^ ' ■ [ - ■'<' } ? " 

Two of the above failures, in B3 and B5> caii "be considered 
as casing failures rather than burner failures * Qhus, out of seven 
wells, there were two casing failures and one casing which Was des- 
troyed by a burner failure . The high mortality rate f air the burners 
was due in part to the fact that the burners were quite shallow and 
there was insufficient disengaging space above the \sand bed. If 
burners are used in deeper intervals with longer salad beds, they will 
not be so sensitive to small losses, of sand* 

It appears that the use of carbon steel casings depends 
upon the stability of the burners > i*e., with normal burner operation 
at temperatures below 1300°F., carbon steel may be satisfactory, how- 
ever, there is very little safety factor to allow for difficulties in 
burner operation. ^ [ } ; . 

Inasmuch as the test patt6to was quite small with high losses 
to the surroundings, and the concurrent 100 -well test was yielding data 
on production, few production data were taken during this test. !Eaese 
data were intended mainly to aid in preventing tar production in the 
100-well test, i.e., the seven-well test served as a pilot unit to test 
the methods to be used in the 100-well test. Uiese data are shown dtx 
Table 3. There was frequent plugging of the production lines by tar 
and the most effective methods for its removal wer£ the application of 
heat and flushing of the lines with crude oil. Crude oil and various 
amounts of Dow Corning Antifoam-A were injected into the production 
casings when the test was started, and on several occasions during the 
test, however "this was of no apparent benefit iti preventing tar pro- 
duction. Also the gravel packing around wells B5 and B6 didn't appear 
to have any effect. 
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CONCLUSIONS 



1. 



Carbon steel is a satisfactory material for burner casings as 
long as there is no overheating of the burners. It may be 
advisable to use a short section of alloy steel, e.g., the 
5f> chromium, 1-1/ 2$ silicon, l/2# molybdenum alloy used in 
the 100 -well test, in the portion of the casing which is likely 
to be overheated. 

2. me burners should be Improved so that they have more stable 
and trouble-free operation, This may be partially remedied 
when longer and deeper burners are used. 

3- Injection of oil and antif oaming agents into the formation 
has little or no effect on the production of tar* 

b. Although sulfide and oxide scales are foamed, there is no 

significant loss of metal except when the casing is overheated. 

5- Packing the annulus with gravel did not have any significant 
effect on production or heat transfer. 

6. The most satisfactory method of dealing with produced tar was 
to heat the production lines and flush them with crude oil. 

This test was conducted by W. J. Shirley, B. Persson. 
M. 0. Eurenius, j. H. Duir, and the author. 



Robert E. He lander 
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TIME BURNERS 

ffls&'M? vt tariff t^j. 



"Bate 


Hours from 


Burners off 






start 


Hours 


JTo. 


Remarks 


1957 










11.20 


181 


9 


Bl to 7 


Propane supply failed. 



12.1 



12.21 

12.9 

12.11 

12.12 

12.13 
12.30 

1958 

1.1 

1.2 

1.9 

1.11 

1.14 



1.17 
1.31 
2.11 
2.14 
2.20 

2.26 



438 



456 

625 
674 
696 
724 
1131 



1188 
1210 
1378 
1430 
I486 



1568 
1894 
2160 
2334 
2379 

2540 



25 

3 
1 
2 
2 
24 



15 
14 
7 
9 

2 



2 
1 
1 
2 
4 



Bl 



Bl 

Bl to 
Bl to 
Bl to 
Bl to 7 
Bl to 7 



7 
7 
7 



Bl to 
Bl to 
Bl to 
Bl to 
Bl to 



Bl to 
Bl to 
Bl to 
Bl to 
Bl to 



7 
7 
7 
7 
7 



7658 



B6 



Burner stuck when, a thermo- 
meter holder fell down In 
the casing 1 . 

Cone placed at 26.5 feet. 

Thermometer Holder fished up. 
Cone placed at 28 feet. 

Explosion in L8A F-line. 

Propane supply failed. 

Power failure* 

Explosion in L8A 7-line. 

A separate hand regulated 
mixing station built because 
L8A was 'shut off. 



Propane vaporiser failed. 

New propane regulator installed. 

Power failure. 

Propane regulator failed. 

Oilf liter in propane line 
installed built of two 2 '8" 
long 6" pipes filled with 
burlap and coupled parallel. 

Propane vaporiser failed. 

Propane vaporiser adjusted. 

Burners inspected. 

Installing L9 propane line. 

By-pass for propane vaporiser 
installed. 

Burner casing and l/4" supply 
tube 6" above cone burned off. 



2.27 



2550 



Bl to 5»7 Burners inspected. 





start 


Hours 


1 


No. 




Remarks 




J * c* 




2 


1 

131 


to 5 


ft 


L9 vaporiser failed. 




J • > 


2 63 o 


4 




It 




L9 F-gas proportioner failed. 




2645 


28 




ft 




_ n — 






£ / lO 


3 




(| 




Power failure. 




7 

> • f 


d f JO 


4 




tt 




L9 F-gas proportioner failed. 


3.17 


2975 


7 




rt 




L9 F-gas proportioner adjusted. 


3.18 


2997 


9 




tf 




Maintenance work on L9 
propane line. 




3.25 


3173 


2 




w 




1 ft 4* nipples welded on top 
of burner casing. 


3.26 


3190 


7 




tt 




Water drains installed in L9 
F-linee . 




4.1 


3335 


8 




It 




Maintenance work on L9 F- 
station. 






3412 


5 
19 


B7 






Power failure. 
Orifica plate plugged* 




4-. 15 


3670 


5 


Bl 


to 5, 


7 


Changed to separate F-line. 
After 2 days switched hack 
to L9 Feline. 




5.1 


4064 


20 


B2 






Cone burned off. Weak welding 
seam to supply tube. 




4225 


3 


Bl 


to 5, 


7 


Power failure. 






4244 


4 




If 








? • 14 


45o7 


3 




ii 




« « 




5.15 


4390 


1 




n 








5.19 


4492 


5706 


B5 






Burner casing burned off* 
Burner was 05* * 




5.20 


4512 


82 


Bl 






Shut off because it was 
burning in annulus of supply 
tube and casing. 






4^oo 


2 


B2 


to 4, 


7 


Power failure. 




5.24 


4609 


2 


Bl 


to 4, 


7 


tt rt 






4611 


49 


Bl, 


3,7 




B3 cone was "glass" coated 
with fused sand. The sand- . 
loss had been high. 




5.27 


4685 


5513 


B3 






Burner casing burned off. 





All centralizers above cone 
were erroded off. Burner was 
otherwise g K# The fla ndloss 
had b en large. 





Hours 1 


No. 


Remarks 







5-27 

7.27 
8.9 

8,10 
8,20 
9.6 
9.15 

10,25 

10,29 



11.3 



4685 

6140 
6471 

6495 
6731 
7125 
7351 

8312 

8401 



8409 

10.31 8454 



8520 



11.17 8857 
11.26 9075 



2 Bl,2,4,7 Hew centralizers above cone 

installed* The old ones were 
erroded off. 

4 n Power failure* 

1209 Bl ^* supply tube burned off 

at 15 feet. Burner fell 
down in aand and was stuck. 

7 B2 f 4 f 7 Propane vaporiser failed. 

57 B7 Supply tubs broke off at cone. 

1 B2,4,7 Power failure. 

3 * Replacing erroded off central!- 

»ers. 

13 Bl Supply tube broke off at the 

elbow on the surfaae. 

28 Bl Supply tube was unscrewed 

during aandcheck and burner 
fell down in the sand and 
was atuck. 

6 B2,4>7 Power failure* 

94. B7 l/A n ~i* bell reducer erroded 

off. Burner fell down in the 
sand and was atuck* 

1 Bl i rt supply tube was partially 

plugged by rust. 

4 Bl,2,4,7 Explosion in L9 P-lines. 

43 Bl Supply tube and orifice plate 

were partially plugged by 
rust* The F-gas was burning 
in the supply tube. Temp, 
in Tl at 24 feet was 1400°P. 



1959 
1.12 



10198 



Test shut off. 



SUMMART. 



Burner 


Burner 
Hours 


off 
£ of 


total test 


Bl 


1660 




l6ii28 


B2 


246 




2.41 


B3 


5761 




56 .49 


B4 


226 




2.22 


B5 


5901 




57.86 


B6 


7756 




76.05 


B7 


-• 455 




4.46 


Arerage per : 
burner 


••■■i rr-'or: 
3144 




30.82 



The teat vaa shut dovn 226 hours which are included in the 
above figures. ^ 

Heat in-put in Million BTS . 



Bl 


232.8 


B2 


272.9 


B3 


127.6 


B4 


273.3 


B5 


123.4 


B6 


73.3 


B7 


267.3 




1,370.8 



Table 2 



BURNER MP CAS INO FAILURES 



Well Bl 

Hours in Service Time Off (hrs) Reason 

5-20-58 4512 82 Flame in annulus near supply 

tube. No damage. ■ 

8-9-58 6kjl 1209 l/2-inch supply tube burned 

off 15* from surface. Burner 
fell into sand. 

10-25-58 8312 13 Supply tube broke off at surface. 

10- 29-58 QkOl 28 Supply tube unscrewed at surface. 

11- 3-58 8520 1 Supply tube plugged vith rust. 

11-26-58 9075 1^3 Supply tube and orifice plugged 

vith rust. Flame in supply 
tube. Temperature at 2k- 1 in 
Tl rose to 1^00?F. 



1376 



Well B2 



\ 



5-1-58. h06k 20 Cone- burned off. Had weak 

veld on supply tube* 

Well B3 

5-2^-58 1^611 1^9 High sand loss caused over- 

heating of cone, which became 
covered vith fused Band. No 
apparent damage. 

5-27-58 1^685 5513 Burner casing failed. All 

centralizers above cone worn 
off. Burner undamaged. Not 
m returned to service. 



5562 



! I 



Table 2 (continued) 

Ita£e Hours In Service Time Off (hrs) 

Well Bk 

No burner or casing failures, 

Well B5 



, -i I 
: 4 I 



5-19-53. 



i 



2-26-58 



. ^-4-58 

I 8-20-5O 
I 10-31-58 



4492 



5706 



Well B6 



25^0 



7658 



Well B7 



3^12 

6731 
8k5k 



19 

67 
9^ 



180 



cas 



Burner 
undamaged 
service . 



Reason 



lag failed. Burner 
V Not returned to 



lA-inch (Supply tube burned 
off 6 inches above the cone. 



Casing burned off at same 
depth. Hot returned to. 
service. |s| 

! 



Orifice pi 
dirt. 



it 



igged vith rust and 



t 

Supply tube broke off at cone. 

|| 

l/h H x l/2| bell reducer broke 
off. Burnef stuck in sand. 
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WELL PATTERN AND MATERIALS 




49 FT. BURNER CASING OF JROW 4-106, 

43 " /" J-55 PIPE FOR THE TEMPERATURE VELL5 

Ti AND T 7, 5POT1/EL0ED TO THE BURNER CASINGS 

52 •• 2" J-55 PIPE FOR THE TEMPERATURE WELLS 

T2,T3, T4-,T5 AWD ?& ' 
/J •• 4-/V>4-* /ROV TUB IMG FOR THE CONCENTRIC 

QASVELLS AROUND TME BURNER CASINGS B2, 

B3. B4-, B5 /NO B6. ' 
13 v j «/ a * j-55 PIPE FOR : - THE SEPARATE ■ SASVELLS 

4L0WS THE BURNER CASINGS Bl A/I/O B7 
20 - I" St/RVER TUBES PLACED SET VEEW 22 AND 

4-8 FT BELO V GROUND SURFACE, 
B5 AND B6 CONCENTRIC GAS VELLS FILLED WITH 

4-10 MESH GRAVEL UP To 15 FT FROM 

GROUHD SVR FACE. 
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